
AD-AIOS 107 AIR FORCE INST OF TECH WRIGHT-PATTERSON AFB OH SCHOOL-ETC FIG 5/1
WEAPON SYSTEM SPARES SUPPORT MODEL.(U)
MAR 81 J R FOLKESON. C MIDDLETON, N MUHAMMAD

UNCLASSIFIED AFITLS-2SIN



46.

UNITED STATES AIR.FORCE
T AIR UNIVERSITY

AIR FORCE INSTITUTE OF TECHNOLOGY
LAJ Wright-Patterson Air Force Base,Ohio
LA.w

81 6 11 117



WEAPON SYSTEM SPARES
SUPPORT MODEL

Ronald C. Wilson, GS-12
John R. Folkeson, Major, USAF

Charles Middleton, First Lieutenant, USAF
Nazar Muhammad, Wing Commander, PAF

AU-AFIT-LS-2-81

The views expressed herein are those of the
author(s) and do not necessarily reflect the
views of the Air University, the United States
Air Force, or the Department of Defense.

• L.. .-- .,*\.,, A

DI

J



AU-AFIT-LS-2-81

WEAPON SYSTEM SPARES

SUPPORT MODEL

A School of Systems and Logistics AU-AFIT-LS Technical Report

Air University

Air Force Institute of Technology

Wright-Patterson AFB, Ohio

By

Ronald C. Wilson John R. Folkeson
GS-12 Major, USAF

Charles Middleton Nazar Muhammad
First Lieutenant, USAF Wing Commander, PAF

March 1981

Approved for public release;
distribution unlimited



SECURITY CLASSIFICATION OF TMIS PAGE (When, Doe Entered)

READ INSTRUCTIONSREPORT DOCMENTATION PAGE BEFORE COMPLETING FORM
,dj I. REPORT NUMBER .Z. GOVT ACCESSION NO. 3. RECIPIENT'S CATALOG NUMBER

T) AV-AFIT-LS-2-81 A L 1
A. TT6 (ddSwsbtitfl) S. Type oF REPORT a PERIOD COVERED

%WON SYSTEM SPARES SUPPORT MODEL., Tcna ..

4. O-PORImIG OaG.m ofOT NUMBER

7. AUTHOR(eJ S. CONTRACT ON GRANT NUMIER(e)

John R./Folkeson, Major, USAF
, A CharlesxMlddleton, First Lieutenant, USAF/ LNazar/uhd- Wing Commander, PAF

Ronald C./t1qnn. -
9. PCRFORMORG"A.4-ATtoN NAME AND ADORESS 10. PROGRAM ELEMENT. PROJEZT. ASK

Department of Logistics Management AREA & WORK uNIT NUMBERS

School of Systems and Logistics /"/Ip ".
Air Force Institute of Technology, WPAFB OH / -J

11. CONTROLLING OFFICE NAME AND ADDRESS .1 '2. REPORT DATE
Department of Communication /IMarch081

and Humanities I 13. NUMBER OF PAGS
AFIT/LSH, WPAFB OH 45433
M4. MONITORING AGENCY NAME & AOORESS(II dilferent fom, Contro1.I9 O ffice ) 1S. SECUJRITY CL..ASS. to t.-h report)

UNCLASSIFIED

13a. OEC.ASSI FICATION, DOWNGRAOING
SCHEDULE

16. DISTRIBUTION STATEMENT (of this Report)

Approved for public release; distribution unlimited

I?. OISTRIBUTION STATEMENT (of t.h absact e..te.d In Block 20. if different from Report)

hR C 0LYNmajor. 8 APR 1981D -cor of PubUo Affirn
IS. SUPPL .MEM.. orTES _PRO ..

PR V r --,
Air Force Institute oj Technoly A~Wrfgt.Patarso, AFB1 O 454

IS. KEY WORDS (Continue an reverse side if necesary nd identify by block nuinber)

MANAGEMENT INFORMATION SYSTEM (MIS)
READINESS
SPARES SUPPORT CONTINGENCY OPERATIONS
REPARABLES INTERSERVICE

20. ABSTRACT (Continlue a reverse aide It necesary mid Identify by block number)

See reverse

DO 1473 cotoM OF I NOV 55 IS OBSOLETE UNCLA-SSIFIE
SECURITY CLASSIFICATION OF THIS PAGE (When Does ff.t



SECURITY CLASSIFICATION Of ?IS PAGO(1hm Data Inttud)

This paper presents an aircraft weapon system spares support model for deter-
mining the number of days of contingency operations which are supportable. Con-
tingency spares support is of paramount concern to Air Force readiness. The
translation of current or predicted inventory positions into meaningful measures
of military capability is crucial to both operational and logistics planning.
Currently the Air Force has no management information system which can accurate-
ly assess spares support for its deployable weapon systems. The authors have
developed a practical interim planning structure and preliminary decision
support model which provides for mid to long-range (i.e., 3-10 years) spares
readiness assessment.

UNmUASSFTEn
SECURITY CLASSIFICATION OF THIS PAWgtWl w Dato Entemd)



ABSTRACT

This paper presents an aircraft weapon system spares support

model for determining the number of days of contingency opera-

tions which are supportable. Contingency spares support is of

paramount concern to Air Force readiness. The translation of

current or predicted inventory positions into meaningful

measures of military capability is crucial to both operational

and logistics planning. Currently the Air Force has no manage-

ment information system which can accurately assess spares support

for its deployable weapon systems. The authors have developed

a practical interim planning structure and preliminary decision

support model which provides for mid to long-range (i.e., 3-10

years) spares readiness assessment.
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Introduction

Today, national defense is the slave of sophisticated technology

and costly spare parts are particularly critical. In the case of

the aircraft component of our national defense, the availability

of spare parts might even be called the Achilles' heel of modern

warfare. These items are the essential non-consumable repair parts

whose failure are critical to the combat capability of our modern

aircraft weapon systems.

Although the Air Force has reliable management systems for

tracking consumable materials such as petroleum and ammunition,

there remains an information vacuum for decision support in the

area of non-consumable or reparable items. In 1975 these reparables

amounted to some 1.9 million line items worth over nine billion

dollars. The inventory management decisions involved are directly

related to a reasonable determination of military capability and

readiness. In the context of a rapid deployment force, planners

and policy makers need the capability to translate both peacetime

training and war reserve spare assets into a measure of combat

surge capability. Clearly, inventory position is not the sole

determinant of military capability, but it is equally clear that

over a very short interval, spares will become a limiting con-

straint [JI.

A finite determination of the limitations of spare support is



presently beyond the information capability of logistics planners

and current data systems. Such an effort would involve maintaining

historical data on hundreds of thousands of items, many of which

would be used on several different aircraft with differing failure

rates. The development and maintenance of such a data base may one

day feed a decision support system which will allow the needed

analysis. Such an effort will be time consuming and expensive;

moreover, there is the ominous problem of dealing with the present.

The Air Force is constrained by an austere procurement/support

environment which necessitates maximum benefit acuity in dollar

allocation.

Solution Approach

What the Air Force felt it needed was a reasonably accurate

method for obtaining a "best estimate" command/planning indicator

for spares supportability. The recommended method should be simple,

fast, and inexpensive. Fortunately, much of the data gathering

required to develop such a model had already been accomplished.

Standard requirements for combat operations and spares levels may

be derived from war planning and program documents available to the

researchers. From the available information a planning model was

developed to estimate total contingency spares supportability for

discrete aircraft systems. The model can be simply stated as:

y - w + Fx(c) (i)

where,

y - total days of spares support available

- the number of war days spares support
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available from war reserve materials

x = number of planned days of contingency operations
(war days)

= the inherent variability due to degradation of
actual peacetime support

F = F p/Fw; proportion of programmed flying hours in a

standard peacetime day to the number of programmed
flying hours in a planned war day (varies among
planned operations)

In any given contingency, spares support comes from two sources:

war reserve materials and peacetime flying program inventory assets.

Reserve materials are currently programmed to provide up to thirty

days of spares support and the peacetime flying program provides

a measure of spares support which can be expressed as a ratio of

the wartime flying requirement. When these qua.atities are added

together, they provide the total spares asset availability for a

given weapon system for a contingency. The contingency plan

defines the required period of suppo-rt and the levels of weapon

system activity. If the total spares assets available to support

the contingency are equal to or are greater than the requirement,

the contingency has a high probability of supportability. Con-

versely, when the requirement is greater than the asset availability,

the contingency plan has a poor probability of supportability. The

balance of this paper undertakes the substantiation and improve-

ment of the components of the model to demonstrate its applicability

as a planning tool for predicting contingency spares support.

This paper will analyze the validity and applicability of

the spares supportability model by focusing on two basic components

3



of Eq 1. It is understood that variable values may differ when

applied to different weapon systems.

1. How many days of support can planners expect to realize

from the designated war reserve materials?

2. T4hat support degradation can be expected in the

peacetime flying program due to lack of spare parts?

Each component has been statistically analyzed based on historical

data from representative weapon systems to demonstrate applicability.

The analysis of the equation components provide the empirical basis

for developing planner confidence in the predictive accuracy of the

model.

The spares considered in this research were primarily recoverable

items--items that can be repaired by maintenance activities at base

or depot when unserviceable, and reissued. These items are dis-

tinguished from end items which do not become part of a larger operating

system when in use, nor lose their identity. Further, these items

are distinguished from EOQ items which are obtained on a consumption

basis and thrown away when they become inoperable. From the manage-

ment and budgeting standpoints respectively, reparables are the most

complex and expensive items. Furthermore, our attention, with

respect to war reserve materials, is primarily focused upon those

assets which are transportable as integral to the total deployment

package during contingency operations. With respect to W, the

expected number of days of spares support available from reserve

materials, the goal was to locate a lower bound for the number of

4
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war days which can be supported with 95 percent confidence.

Reserve Materials

The Air Force planning standard for W has been set at thirty

days since this is a common contingency senario planning horizon

for deployments. In reality, the day-to-day fill rates for these

assets seldom achieve the 30 day standard. This asset shortfall

results primarily from overall asset shortages associated with budgetary

decisions that have necessitated the practice of drawing from

reserves to meet priority peacetime commitments. The amount of

degradation in reserve asset levels would be expected to vary

by weapon system, but each day's shortfall in reserves may trans-

late into unmet operational commitments during a contingency.

Since the level of reserve assets affects a unit's contingency

capability, the Air Force routinely collects monthly data indicating

asset levels. Since some gaming of this data is possible and it is

a recognized indicator of combat readiness, a conservative approach

was taken by determining the lower bound for the number of war days

which can be supported with 95 percent confidence.

A sample population of 114 units each having three years of

historical data was identified. Fifteen composite (mean) random

samples were derived for each year. Since the percent of asset

fill is hixt.i ,sewed. av-r4wina %imple random samples ensures an

approxiAtel -%oru. .r lon The amposite sample data is

show .n '&.e a!on restrictions, actual years

and tea : )o:. - . .

~4 4 , " an errcnt fill rate of

a ).A*. :" • . ' < Using a chi-square



TABLE 1

Percent Fill of War Reserve Materials

1. Year #1 96.6 95.2 94.0

90.8 96.0 86.8
95.2 93.0 88.8
87.6 96.0 95.8
94.0 99.0 92.6

2. Year #2 95.6 96.6 89.8
93.2 84.6 94.8
96.4 92.0 91.3
93.7 93.6 93.8

91.6 96.8 91.6

3. Year #3 98.6 95.0 92.2

93.8 97.2 96.6
95.6 94.6 92.8
93.0 86.2 93.4
93.4 93.9 89.0

x 93.904 _ = 3.0692
x
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test (cL - .01) it was shown that the sample population is

normally distributed.

Provided that the selected units comprising a contingency"

deployment force are members of this normal population, it follows

that by employing the unbiased estimators for mean and standard

deviation a 95 percent confidence internal for reserve asset fill

rate for contingency forces can be constructed [18:368].

x± y 9 5 ( )

93.9 + 1.645 (3.0692)

93.9 + 5.05

or

88.85 < expected reserves
- fill rate < 98.95

Therefore, a conservative interpretation of applicable empirical

data suggests that planners can expect at least an 88.85 percent

fill rate for war reserve materials. Since the programmed levels

would provide sufficient assets to support 30 days of operation,

this information suggests planners should more realistically

expect that a given task force's reserve assets will likely only

last 26.66 days.

Thus, our model (EQ 1) can be more precisely restated as

y - 26.66 + FX(e) (2)

The value of w is dependent upon budgetary, procurement, and weapon

system operation levels. Periodic analysis of the fill rates is

7



needed to insure the inclusion of the appropriate variable value

in the model.

For analytical purposes, it was assumed that percent war reserve

fill was a direct measure/indication of the percent of support

capability. Unfortunately, there exists the inherent possibility

of inaccuracy of data reporting. This is particularly true because

of constant pressure on unit commanders to both maintain reserve

materials in a high state of readiness and high performance demands

in peacetime flying operations. One of the characteristics of

current Air Force supply procedures is that war reserve assets are

used to augment and support daily peacetime flying operations.

Hence, the most critical operational items are likely to be those

taken from reserves. Pressures to maintain high standards of readi-

ness could cause commanders to overestimate the support capability

of their unit's reserves. Hence, there is not necessarily a direct

relationship between percent fill and mission capability. Percent

fill is, however, the best empirical indicator available to indicate

readiness in a quantitative manner; however, if the items missing

are high failure/hard to replace/short supply items, as is likely

to be the case, it is possible that the percent missing would have

greater adverse impact than otherwise indicated in determining reserve

materials readiness. In order to overcome this, each Air Force unit

commander provides a subjective analysis of unit reserves to deter-

mine an appropriate readiness rating, but the relationship should

not be construed to be exact. For this reason, a binomial analysis

was conducted using the coumander supplied combat readiness ratings

8



for the same sample as defined above.

The binomial analysis yielded evidence which supported the use

of the more conservative lower bound 95 percent confidence interval.

Although the mean war reserve percent fill was almost 94 percent,

which indicated expected spares support to be twenty-eight war days,

the lower bound was chosen as the baseline because it represented

the at-least-quantity expected to be available. Hence, the baseline

selected was a conservative estimate. It should be noted that twenty-

seven is 90 percent of thirty, which indicates possible degradation

of 10 percent. This corresponds to the condescriptive degradation

analysis conducted. Interestingly, the lower bound of the 95 percent

confidence level, i.e., 88.85 percent is extremely close to the expected

war reserves percent fill subsequent to 10 percent degradation due to

gaming, high failure items, reporting inaccuracy, etc., i.e., 88.22

percent. Further investigation would be required to substantiate

a direct relationship; however, it is possible that the lower bound

of the confidence interval absorbs both inaccuracies inherent in

reserve material readiness.

It is not anticipated that the factor (twenty-seven days of

spares support) precisely depicts actual reserves readiness. It is,

however, a better indication of readiness than the assumed factor

of thirty. It is anticipated that actual testing will substantiate

this claim. Unfortunately, such testing is expensive and conducted

infrequently. One method for testing actual war reserves degra-

dation is actual deployment. Upon deployment, however, management

options are usually limited. Further, during deployment control

factors are usually obscured by the necessity for swift action.

9



If would appear that the most feasible method of determining

reserves support is via computer simulation. Such a model was

developed by Rasmussen and Stover [101. Simulation runs indicated

that for the RF-4C aircraft, significant shortages were encountered

after day twenty-eight of deployment. This clearly supports the statis-

tical analysis conducted herein.

Peacetime Assets

Our attention now turns to an analysis of what level of

support can actually be expected from the peacetime flying

program assets. Again, the analysts were fortunate in that

the Air Force maintains a data base of day-to-day operational

status. The data base reflects, among other things, when a

weapon system is either degraded or fully incapable of performing

due to lack of adequate spares support. By selecting an appropriate

sample, we can develop an estimator of peacetime support degradation

for the logistics planning model.

In selecting an appropriate sample, it was decided to limit

it to weapon systems which will typically be deployed during

tactical contingencies, and since overseas units would certainly

be expected to participate, they should be represented in the sample.

The sample was limited to two aircraft (i.e., F-4 fighter and C-130

transport). Four combat ready units were selected for each aircraft

with two of each stationed in the United States and two in foreign

locations. Four years of monthly data was collected representing

the combined percentage of degraded and incapable system time

chargeable to lack of adequate spares support. The monthly average

10
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of this data was computed and is displayed in Table 2.

Statistical analysis yielded a mean degradation rate of

5.93 percent with a standard deviation of 1.3068. Using a

chi-square test (a = .01) it was shown that the sample population

was normally distributed.

Using the empirically derived unbiased estimators of mean and

standard deviation, a conservative 95 percent confidence interval

for peacetime spare asset degradation can be constructed (18:368].

x -. 95 x

+ 1.645 (1.3068)

5.93 ± 2.1497

or,

3.78 < peacetime spare < 8.08
degradation rate -

Therefore, a conservative interpretation suggests the percent

of weapon system degradation due to spare assets will be less than

or equal to 8.08 percent. This upper bound of expected system

degradation can also be interpreted as determining the lower bound

of peacetime spares support expected with 95 percent confidence.

I - .0808 - .9192

Thus, approximately 92 percent of the peacetime flying program

is being supported. If the variance of peacetime spares degradation

is constant for different aircraft at different bases (i.e., if the

11
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variance is determined to be insignificant), it follows that 92

percent is a relatively good intermediate range planning factor for

peacetime flying program spares support.

To determine whether the level of spares degradation was constant

from aircraft to aircraft and base to base, an analysis of variance

was conducted. The hypothesis tested was that the degradation rates

were equal for all eight bases in each of the twelve composite

monthly periods (a = .01).

Mean Sum of Interaction = .1389 = .0813 = F*

Mean Sum of Error 1.7077

F(.99, 7, 88) = 2.85

Since F* is less than F, it is clear that the sample composite

means may be considered equal. Therefore, the peacetime flying

program asset support factor of 92 percent has been shown to be

relatively robust for planning purposes. The aircraft spares support

model can therefore, be stated as:

y - 26.66 + Fx (.92) (3)

There are several weaknesses in this phase of the analysis.

It was shown through statistical analysis that all the distributions

of sample asset degradation rates were normal with differences

in means which were insignificant. From this it may be inferred

that there is no mid to long-range planning difference between the

support levels of either the F-4 or C-130 aircraft at the foreign

or domestic bases. This does not, however, mean that pipeline

effects are negligible. As shown in the raw data, support degra-

13



dation for foreign based systems had wider variance from year-to-year

and month-to-nthth. This may have been caused by a dearth to sate

relationship which could indicate high rates of degradation due to

delivery delays followed by overordering/stockpiling and oversupport.

Also, despite the lack of significant difference in degradation rates,

this does not necessarily infer that maintenance capability and capacity

at foreign operated bases is comparable to existing U.S. foreign bases.

Nor, is the condition of overcrowding at deployed bases considered.

Overload at U.S. foreign bases is a particularly piabable situation

in the event of deployment. Lastly, the technical aspects of repair

by host countries of our advanced technological systems are not

addressed. This is a major weakness in the model which requires

additional study.

Another critical caveat is the poor applicability of the

peacetime support factor (i.e., 92 percent) to real time contingency

situations. The support factor was not constant from year-to-year

or month-to-month. Variations for discrete aircraft ranged up to

35 percent; however, over the four-year period, these fluctuations

cancelled each other out. Hence, short-term support predictions

based upon the 92 percent factor could be drastically inaccurate.

Real time application of the support factor is not recommended.

Finally, only two aircraft, the F-4 and C-130, were considered

in this analysis. Although they were the best examples available,

they should not be construed to be overly representative of all

Air Force weapon systems without further analysis.
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Conclusions

This paper has presented an aircraft weapon system spares

support model for determining the number of days of contingency

operations which would have a high probabability of not being

compromised due to lack of required spares. It was postulated that

contingency spares support is of paramount concern to Air Force

readiness. Hence, the translation of current or predicted inventory

conditions into meaningful measures of military capability is crucial

to both operational and logistics planning. As pointed out, the

Air Force currently has no management information system which can

accurately assess spares support for deployed weapon systems. The

model herein developed will serve as an interim planning structure

and preliminary decision support model which provides mid to long-

range (i.e., three to ten years) spares readiness assessment.

Further research is underway to develop a more comprehensive model

for real-time, short-range spares support assessments.
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